It is the dream of en gi neers and sci en tists to de velop en gines and fu els that have lower quan tity of harm ful emis sions and higher per for mance pro por tion ately. The lower the emis sion from the en gine, the lower the im pact on the en vi ron ment. Air pol lu tion is largely in flu enced by the ex haust of mo tor ve hi cles and the com bus tion of fos sil fu els. Legislations around the world have set forth many reg u la tory laws to con trol the emis sions from en gines. One among the se rious prob lems faced by the mod ern so ci ety is the dras tic in crease in en vi ron men tal pol lu tion from in ter nal com bus tion (IC) en gines. Ve hi cles equipped with spaek ig ni tion (SI) and compres sion ig ni tion (CI) en gines are equally re spon si ble for the emis sion of dif fer ent kinds of pollut ants. Emis sions such as CO, HC, and NO x have di rect haz ard ous im pact, while oth ers are second ary pol lut ants such as ozone, etc., which un dergo a se ries of re ac tions in the at mo sphere and be come haz ard ous to health [1] [2] [3] . The emis sions ex hausted into the sur round ings pol lute the atmo sphere and cause alarm ing ef fects such as global warm ing, acid rain, smog, odors, and re spira tory and other health haz ards. The need for al ter na tive fuel is es sen tial to re place the con ventional fu els and re duce en vi ron men tal ef fects. A pol lut ant changes the equi lib rium of Dhanapal, B., et al.: Influence of Diethyl Ether Blend in Spark Ignition Engine
In tro duc tion
It is the dream of en gi neers and sci en tists to de velop en gines and fu els that have lower quan tity of harm ful emis sions and higher per for mance pro por tion ately. The lower the emis sion from the en gine, the lower the im pact on the en vi ron ment. Air pol lu tion is largely in flu enced by the ex haust of mo tor ve hi cles and the com bus tion of fos sil fu els. Legislations around the world have set forth many reg u la tory laws to con trol the emis sions from en gines. One among the se rious prob lems faced by the mod ern so ci ety is the dras tic in crease in en vi ron men tal pol lu tion from in ter nal com bus tion (IC) en gines. Ve hi cles equipped with spaek ig ni tion (SI) and compres sion ig ni tion (CI) en gines are equally re spon si ble for the emis sion of dif fer ent kinds of pollut ants. Emis sions such as CO, HC, and NO x have di rect haz ard ous im pact, while oth ers are second ary pol lut ants such as ozone, etc., which un dergo a se ries of re ac tions in the at mo sphere and be come haz ard ous to health [1] [2] [3] . The emis sions ex hausted into the sur round ings pol lute the atmo sphere and cause alarm ing ef fects such as global warm ing, acid rain, smog, odors, and re spira tory and other health haz ards. The need for al ter na tive fuel is es sen tial to re place the con ventional fu els and re duce en vi ron men tal ef fects. A pol lut ant changes the equi lib rium of en vi ron ment un der nor mal con di tion. The CO 2 may not be con sid ered as pol lut ant as na ture recy cles it and pro duces ox y gen but in a con fined area if CO 2 ex ceeds 5000 ppm then it be comes a po ten tial health haz ard [4, 5] . The root cause for these emis sions is non-stoichiometric com bustion, dis so ci a tion of ni tro gen and im pu ri ties in the fuel and air. The trans por ta tion which uses IC en gines is the ma jor sec tor for the eco nomic growth. The ma jor ex haust emis sions HC, CO, NO x , SO 2 , solid par ti cles, etc., are and per for mance is in creased by add ing the suit able ad di tives to the fuel re duced with the pres ent tech nol ogy. Ad di tives are in te gral part of to day's fuel. Together with care fully for mu lated base fuel com po si tion they con trib ute to ef fi ciency and long life. They are chem i cals, which are added in small quan ti ties ei ther to en hance fuel per for mance, or to cor rect a de fi ciency as de sired by the cur rent leg is la tion. They can have sur pris ingly large ef fects even when added in lit tle amount [6] . Ad di tives are blended into fuel by re fin er ies or end us ers. How ever, use of me tal lic ad di tives such as lead was sub se quently dis con tin ued mainly be cause of con cern about the tox ic ity of the bar ium com pounds in the ex haust emis sion. But the in ter est is re vised re cently to ver ify the pos si ble use of ad di tives to re duce emis sion level. Al cohol has been used as a fuel for auto-en gines since 19 th cen tury; but is not widely used be cause of its high price. Al co hol is one of the fuel ad di tive (meth a nol, eth a nol) has some ad van tage over gas o line such as better antiknock char ac ter is tics and the re duc tion of CO and HC emis sions. Hought on-Alico [7] has made a study on al co hol, pro duc tion and po ten tial. Sev eral ad di tives (ox y gen ated or ganic com pounds) such as meth a nol, eth a nol, ter tiary butyl al co hol and methyl ter tiary butyl ether are used as fuel ad di tives. Al though hav ing these ad van tages, due to lim i tations in tech nol ogy, eco nomic and re gional con sid er ations al co hol fuel still can not be used exten sively. Since eth a nol can be fer mented and dis tilled from biomasses, it can be con sid ered as re new able en ergy un der the en vi ron men tal con sid er ation, us ing eth a nol blended with gas o line is better than meth a nol be cause of its re new abil ity and less tox ic ity.
Many re search ers have worked on the emis sion con trol and per for mance en hance ment of SI en gines. Winnington and Siddique [8] Hamdan and Jurban [9] and El-Kassaby [10] have stud ied the ef fect of us ing eth a nol-gas o line blends. They used max i mum of 15% of eth a nol in ATd 34 en gine. Palmer [11] has con ducted a test on gas o line en gine con tain ing ox y gen ates. The ef fect of ox y gen ate in gas o line on ex haust emis sion and per for mance in a sin gle cyl in der, four stroke SI en gine was stud ied by Taljaard et al. [12] , Balaji et al. [13] , and Balki et al. [14] . Eth anol can be pro duced form azeotropic so lu tion by pres sure swing ad sorp tion and it was stud ied by Pruksathorn and Vitidsant [15, 16] . The ef fect of com pressed nat u ral gas on per for mance and emis sion in a IC en gine was stud ied by Abu Bakar and Semin [17] , Semin and Abu Bakar [18] , and Kaleemuddin and Rao [19] .
Based on the eco nomic and en vi ron men tal con sid er ations, an at tempt has been made in this work to study the ef fects of di ethyl ether and eth a nol con tent in the gas o line blended fuel. In or der to re duce the emis sions and to im prove the per for mance of petrol en gine, the fuel blending tech nique has been car ried out. Two fuel ad di tives were mixed for this pur pose. Var i ous propor tions of these fuel ad di tives were mixed with the gas o line. The en gine per for mance anal y sis and emis sion lev els were mea sured, run ning the en gine at vary ing load and con stant speed. Encour ag ing re sults were ob tained and the work car ried out is pre sented. The ob jec tive of the present work is to in ves ti gate the ef fect of vary ing en gine torque on the en gine per for mance and exhaust emis sion work ing with dif fer ent di ethyl ether fuel blends.
Ex per i men tal set-up and method
The en gine is a 100 cc 4 stroke, sin gle cyl in der SI en gine loaded by an eddy cur rent dyna mom e ter. Ta ble 1 lists some of the im por tant spec i fi ca tion of the en gine un der test. The schematic lay out of the ex per i men tal set-up is shown in fig. 1 . The en gine was cou pled to a eddy cur -rent dy na mom e ter which is equipped with an in stru ment cab i net fit ted with a torque gauge, elec tric ta chom e ter and switches for the load re mote con trol. Fuel con sump tion was mea sured by us ing a cal i brated bu rette and a stop watch with an ac cu racy of 0.2 s. The con cen tra tion of ex haust emis sion (CO, HC, NO x ) and air fuel ra tio were mea sured us ing a Sun glass analyser MGA 1200. The analyser has a non-dispersive in fra red mol e cule for CO, HC, and NO x .
The en gine was cranked and al lowed to warm up and pick up the load for a pe riod of 20-30 min. The air fuel ra tio was ad justed to yield max i mum power on un leaded gas o line. Engine test were per formed at con stant en gine speed at 3/4 th throt tle open ing po si tion by vary ing en gine torque. The speed was set con stant. Be fore run ning the en gine to a new fuel blend, it was al lowed to run till the re main ing fuel is cleared from the pre vi ous ex per i ment. For each ex per iment, three runs were per formed to ob tain an av er age value of the ex per i men tal data. The variables that were con tin u ously mea sured in clude en gine speed (con stant), torque, time re quired to con sume 100 cc of fuel blend, CO, HC, NO x emis sion, and ex haust gas tem per a ture. The pa rame ters such as fuel con sump tion rate, vol u met ric ef fi ciency, brake power, brake ther mal ef ficiency (BTE) were es ti mated by stan dard equa tions.
Re sults and dis cus sion
The ef fect of di ethyl ether and eth a nol ad di tion to un leaded gas o line on SI en gine perfor mance and ex haust emis sions at 3/4
th throt tle open ing at var i ous en gine torque were in ves tigated.
Diethyl ether and eth a nol in gas o line blends

Per for mance anal y sis
Fuel con sump tion. The ef fect of eth a nol and di ethyl ether in un leaded petrol blends for the fuel con sump tion is shown in fig. 2 . This fig ure il lus trates that the in crease in the fuel con sumption di rectly in flu ences the en gine torque at con stant en gine speed. This be hav ior is at tributed to the lower heat ing value per unit mass of the eth a nol and di ethyl ether fuel, which is distinctly lower than that of the petrol fuel. Therefore, the amount of fuel in tro duced in to the engine cyl in der for a given de sired fuel en ergy in put has to be greater with the eth a nol and diethyl ether fuel.
Spe cific en ergy con sump tion. The ef fect of us ing eth a nol, di ethyl ether, petrol blends on brake spe cific en ergy con sump tion (SEC) is shown in fig. 3 . Since eth a nol and di ethyl ether have low heat ing value than the pure petrol, in or der to pro duce the same power at the same oper at ing con di tions, more fuel will be burned as the pro por tion of di ethyl ether in creases. As a result SEC in creases.
Brake ther mal ef fi ciency. Fig ure 4 pres ents the ef fect of eth a nol, di ethyl ether-petrol blends on BTE. The fig ure states that, as the BTE increases the en gine torque also in creases. The BTE was cal cu lated at var i ous load con di tions at con stant en gine speed such that at part load (50% load) re corded with 10% eth a nol and 2.5% di ethyl ether in the fuel blend was found that the ther mal ef fi ciency was about 15% and for 10% eth a nol and 5% di ethyl ether in the fuel blend the ther mal ef fi ciency re corded 14.5% and for 10% eth a nol and 7.5% di ethyl ether in the fuel blend is about 14.8% at con stant en gine speed.
The ther mal ef fi ciency for pure petrol is about 14.2% only. This is be cause of la tent heat of vaporization of eth a nol and di ethyl ether fuel blends which is com par a tively higher than petrol. Since it will re duce the in take charge tem per a ture thereby den sity of in take charge has also in creased which re sults in the in crease in vol u met ric ef fi ciency. More over, di ethyl ether and eth a nol blends have more vol a til ity than petrol so that com plete com bus tion takes place thereby in crease in ther mal ef fi ciency.
Emis sion anal y sis
Car bon mon ox ide. The ef fect of the eth a nol and di ethyl ether per cent age in the fuel blend on CO emis sion is shown in fig. 5. Fig ure shows that the CO emis sion de creases as com pared with pure petrol fuel for var i ous blends. At the max i mum load for all the fu els the spe cific emis sion of CO was around 1.3-2% vol ume. At part load, the spe cific emis sion of CO was found to be 2.5% vol ume for mix ture of eth a nol and di ethyl ether (10% eth a nol and 7.5% of diethyl ether) and for petrol it is found to be 4.2% vol ume. This ef fect is at trib uted be cause the stoichiometric air-fuel ra tio of the eth a nol and di ethyl ether blends de creases and in crease of ac - Ni tro gen ox ide. The ef fect of the eth a nol and di ethyl ether per cent age in the fuel (pure petrol) blend in NO x emis sion is shown in fig. 6 . The  Fig ure shows that the NO x emis sion is com par atively lower for eth a nol and di ethyl ether blends than petrol. This is be cause of peak pres sure of eth a nol and di ethyl ether blends which decreases at the same time the peak cy cle tem per ature of the eth a nol and di ethyl ether fuel blends also de creases. So, NO x emis sion de creases for all eth a nol and di ethyl ether fuel blends.
Hy dro car bons. The ef fect of eth a nol and diethyl ether fuel blend per cent age on HC emission is shown in fig. 7 . It at trib utes the HC emission, whereby de creases in HC emis sion is ob serv able when com pared with pure petrol fuel for var i ous blends. At full load con di tion the value of HC for di ethyl ether blends (7.5%) was 155.5 ppm whereas for petrol it was about 185.5 ppm.
Due to the com plete com bus tion of the blends these emis sions are de creased con sid erably. This ef fect is rec og nized be cause the stoichiometric air-fuel ra tio of the eth a nol and di ethyl ether blends de creases and in crease of ac tual air-fuel ra tio of the eth a nol and di ethyl ether blends as a re sult of the ox y gen con tent in the eth a nol and di ethyl ether mix ture.
Car bon di ox ide. The ef fect of the eth a nol and di ethyl ether fuel blend in CO 2 emis sion is shown in fig. 8 . It is ob served that the ra tio of CO 2 in creases as com pared with pure petrol fuel for var i ous eth a nol and di ethyl ether blends. The CO 2 con cen tra tions have an op po site behav ior when com pared to CO con cen tra tions. This is due to im prov ing com bus tion pro cess as a re sult of the ox y gen con tent in the eth a nol and di ethyl ether mix ture.
Er ror anal y sis and un cer tainty
Er ror is as so ci ated with var i ous pri mary ex per i men tal mea sure ments and the cal cu lations of per for mance pa ram e ters. Er rors and un cer tain ties in the ex per i ments can arise from instru ment se lec tion, con di tion, cal i bra tion, en vi ron ment, ob ser va tion, read ing, and test plan ning. Un cer tainty anal y sis is needed to prove the ac cu racy of the ex per i ments. The per cent age un certain ties of var i ous pa ram e ters like load and BTE were cal cu lated us ing the per cent age un cer tainties of var i ous in stru ments given in tab. 2. The ef fect of eth a nol and di ethyl ether fuel blend per cent age on HC emis sion is shown in fig. 7 . It at trib utes the HC emis sion, whereby de creases in HC emis sion is ob serv able when com pared with pure petrol fuel for var i ous blends. At full load con di tion the value of HC for diethyl ether blends (7.5%) was 155.5 ppm whereas for petrol it was about 185.5 ppm. Due to the com plete com bus tion of the blends these emis sions are de creased con sid er ably. This ef fect is rec og nized be cause the stoichiometric air-fuel ra tio of the eth a nol and di ethyl ether blends decreases and in crease of ac tual air-fuel ra tio of the eth a nol and di ethyl ether blends as a re sult of the ox y gen con tent in the eth a nol and di ethyl ether mix ture.
The er rors as so ci ated with var i ous mea sure ments and in cal cu la tions of per for mances, pa ram e ters are com puted in this sec tion. The max i mum pos si ble er rors in var i ous mea sured param e ters namely tem per a ture, pres sure, ex haust gas emis sions, time and speed es ti mated from the min i mum val ues of out put and ac cu racy of the in stru ment are cal cu lated us ing the method. This method is based on care ful spec i fi ca tion of the un cer tain ties in the var i ous ex per i men tal mea sure ments.
Con clu sions
· Us ing diethyl ether and eth a nol as a fuel ad di tive to un leaded gas o line causes an im prove ment in en gine per for mance and ex haust emis sions. · Diethyl ether ad di tion re sults in an in crease in brake power, BTE, vol u met ric ef fi ciency, and fuel con sump tion by about 8.2%, 9%, 7%, and 5.7% mean av er age val ues, re spec tively. In ad di tion, the brake spe cific fuel con sump tion de creases by about 2.4% mean av er age value. · Us ing diethyl ether-un leaded gas o line blend leads to a sig nif i cant re duc tion in ex haust emis sions by about 26.5%, 24.3%, and 18.2% of the mean av er age val ues of CO, HC, and NO x emis sion, re spec tively, for all en gine torque. On the other hand car bon di ox ide emis sion in creases for all en gine torque val ues. · By add ing the diethyl ether with gas o line the flame speed will in crease, so that the spark tim ing of eth a nol and diethyl ether blends has to be op ti mized. This may im prove the per for mance. · The peak pres sure oc curs in ad vance for diethyl ether blends com pared pure gas o line. So spark tim ing has to be re tarded. This may in flu ence the per for mance char ac ter is tics. · By add ing the diethyl ether with pure gas o line with var i ous per cent ages, the oc tane num ber of diethyl ether blends are in creased due to highly vol a tile. This leads to use of higher com pres sion ra tio and hence higher power out put. So, BTE of eth a nol blends is also in creased.
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